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1.0 INTRODUCTION 

1.1 PURPOSE 

This Monitoring and Maintenance Plan (Plan) has been prepared for the Present Landfill 
(Individual Hazardous Substance Site [MSS] 1 14) at the Rocky Flats Environmental Technology 
Site (RFETS) and is designed to meet the following objectives: 

1. Describe the procedures to maintain the integrity and effectiveness of the final cover, 
including making repairs as necessary (Section 3 .O), 

2. Describe the features to maintain and monitor the groundwater monitoring system 
(Section 4), and 

3. Present the'landfill Seep and East Landfill Pond Environmental Monitoring Plan 
(Section 5.0). 

This plan fulfills the requirements for a post-closure plan in 6 CCR 1007-3 $265.1 18 and-the 
requirements of 6 CCR 1007-3 265.1 19(a)(3). Proposed revisions to the plan will be submitted 
to the RFCA parties for review and endorsement and also documented in the amiual monitoring 
and maintenance report. All revisions to this plan require Colorado Departnient of Public Health 
and Environment (CDPHE) approval. 

Under the Final Interim Measurehterim Remedial Action (LM/IRA) for IHSS 114 and Resource 
Conservation and Recovery Act (RCRA) Closure for the Present Landfill (U.S. Department of 
Energy [DOE] 2004), a RCRA Subtitle C-compliant cover was selected to address closure of the 
Present Landfill. The designed cover is a geosynthetic composite cover with a rock layer to 
deter burrowing animals and a 2-foot-thick topsoil layer. The design included installation of 
perimeter drainage channels to control surface water run-on and runoff around the Landfill 
cover. The design also included modification of the existing Landfill seep treatment system. 
Construction of the Landfill cover included removing sediments in the East Landfill Pond, 
drying the sediments, and placing the dried sediments under the Landfill cover. Construction 
was completed in May 2005, with a minor drainage modification on the Landfill's east face 
completed in August 2005. 

The major purpose of this plan is to describe the monitoring and maintenance of the remedy at 
the Present Landfill. Observation and maintenance of the East Landfill Pond dam, the East 
Landfill Pond, vegetation, groundwater monitoring wells and wetlands within the footprint of the 
pond will be consistent with other monitoring and maintenance plans. Those other plans, 
include the Pond Operations Plan (DOE 2005a, the Emergency Response Plan for Rocky Flats 
Dams (DOE 2005b), the Rocky Flats, Colorado, Site Revegetation Plan (DOE 2005c), the Rocky 
Flats, Colorado, Site Vegetation Management Plan(Decen1ber 2005d), Rocky Flats \Yetland 
Mitigation Monitoring and Management Plan (DOE 2006), and the Integrated IVlonitoring Plan 
(DOE 2005e). \ 
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1.2 FACILITY LOCATION AND UNITS 

\ WETS is a government-owned facility formerly used for the fabrication of miscellaneous 
weapons components for national defense. The 6,550-acre site is located in Jefferson County, 
Colorado, approximately 16 miles northwest of Denver (Figure 1-1). The Present Landfill is 
centrally located within RFETS, as shown on Figure 1-2. 

1.3 SITE OPERATIONS 

The Present Landfill is located in the No Name Gulch drainage, at the western limit of headward 
erosion and pediment dissection. Beginning in 1968, a portion of the natural drainage at the 
headwaters of the No Name Gulch drainage was filled with soil from an on-site borrow area to a 
thickness of approximately 5 feet to construct a surface on which to begin landfilling operations. 
The Landfill does not have a bottom liner. Waste delivered to the Landfill was spread across the 
work area, compacted, and covered with a daily soil cover, eventually filling the valley to the top 
of the pediment. 

’ The Present Landfill remained in operation until March 1998, at which time it was placed in a 
contingent closure status and seeded to stabilize soil and control erosion. The Present Landfill 
occupies an area of approximately 20 acres. Waste material is generally thinnest along the 
boundaries and thickest along the east-west axis of the Landfill. Thicknesses range from less 
than 1 foot to approximately 40 feet near the eastern face of the Landfill. 

Additional information can be found in the IM/W for the Present Landfill (DOE 2004). 

JNll I IN I?’ 2006 1-2 
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2.0 SITE PHYSICAL DESCRIPTION 

This section describes the physical conditions at the Present Landfill site such as topography, 
hydrology, climate and precipitations, hydrogeology, and site features, which include the final 
cover, the stormwater management system, the RCRA groundwater monitoring network, tl!e 
Landfill seep, and the East Landfill Pond. 

0 

2.1 TOPOGRAPHY 

The final topography of the Present Landfill is as shown on the post-construction survey (Figure 
2-1). The slopes of the Landfill cover are generally between 3 to 5 percent in accordance with 
Environmental Protection Agency (EPA) guidance for landfill covers (EPA 2002). The east face 
of the Landfill has a maximum slope of 4 horizontal to 1 vertical (4H: 1V). Perimeter drainage 
channels were built to control surface water run-on and runoff and are sloped to drain to the east 
of ther Landfill below the East Landfill dam. A diversion berm was built at the top of the east 
face to direct surface water into the perimeter channels. Two additional stormwater drainage 
channels were built to direct surface water at the toe of the east face. 

2.2 HYDROLOGY 

The Present Landfill is located within the No Name Gulch drainage. Perimeter channels have 
been constructed around the Present Landfill to route stormwater off the cover and prevent run- 
on from the surrounding watersheds. On the northern side of the Landfill, the western portion of 
the perimeter channel runs under a perimeter road through a culvert and east into a natural 
drainage that eventually joins the No Name Gulch drainage below the East Landfill Pond dam. 
The northeastern portion of the channel empties into the same natural drainage that eventually 
joins No Name Gulch below the East Landfill Pond dam. On the southern side of the Landfill, 
the perimeter chaimel runs east above the East Landfill Pond and drops into the No Name Gulch 
drainage below the dam (Figure 2-1). A diversion berm constructed at the top of the east slope 
directs surface water from the cover away from the east face and into the perimeter channels. 
These channels and diversion berms limit runoff into the East Landfill Pond. 

The East Landfill Pond covers approximately 2.5 acres. Recharge to the pond occurs from direct 
precipitation, groundwater discharge, Present Landfill seep flow, and surface water runoff from 
the surrounding hillslopes, including surface water discharge from the two riprap channels 
constructed on the east face of the Present Landfill. Groundwater discharge is likely limited 
because of the relatively low hydraulic conductivity of the underlying weathered bedrock. The 
East Landfill Pond discharge occurs by natural evaporation. Nonnal operation of the pond will 
be to leave the drain valve near the bottom of the pond open to maintain the water level in  the 
pond. An emergency overflow spillway is provided in the dam, if needed. 

2.3 CLIMATE AND PRECIPITATION 

RFETS is located in the southern Rocky Mountains and has a continental, semiarid climate The 
region IS  noted for large seasonal temperature variations, occasional dramatic short-tetm 
tcmpcraturc changes, and strong, gusty winds that reach 75 miles per hour (tnph). Mean annital e 
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as snow. 

2.4 HYDROGEOLOGY 

In the area of the Present Landfill, groundwater flows predominantly within the upper 
hydrostratigraphic unit (UHSU). The UHSU is composed of materials that include the Rocky 
Flats Alluvium, colluvium, Valley Fill Alluvium, and weathered claystone bedrock. 
Unweathered bedrock claystones are included as part of the lower hydrostratigraphic unit 
(LHSU). The thickness of the weathered bedrock material varies considerably in the vicinity of 
the Landfill, ranging from approximately 4 to 35 feet. Ln the past, the average depth to 
groundwater ranged from 5 to 15 feet in surficial deposits around the Landfill. 

2.5 SITE FEATURES 

Site features at the Present Landfill include the final cover, the stormwater management system, 
the RCRA groundwater monitoring network, the Landfill seep treatment system, and the East 
Landfill Pond. Each of the site features is discussed in this Plan. Monitoring procedures are 
provided in subsequent sections. 

2.5.1 Final Cover 

The final cover of the Present Landfill includes the following components, beginning with the 
top layer: 

0 A 2-foot-thick soil layer to facilitate vegetation, route surface water, and protect the cover 
system below; 

A 1-foot-thick rock layer to deter burrowing animals; 

A 10-inch-thick rock cushion soil layer to protect the underlying geosynthetics from 
rocks; 

Geocomposite drainage net (GDN) to act as a drainage layer to route infiltrating water off 
of the cover; 

Flexible membrane liner (FML) to act as an impemieable layer and prevent water 
infiltration to the waste material below; 

0 

0 

0 

0 

0 Geosynthetic clay liner (GCL) to act as a secondary impermeable layer and also to “heal” 
punctures in  the FML by the swelling of the GCL; and 

A 6-inch-thick GCL cushion soil layer to protect the geosynthetics above. This layer also 
includes a barometric vent system to equalize atmospheric pressure uhider the cover. 

0 

Inspection and monitoring procedures to maintain the integrity and effectiveness of the final 
cover are included i n  Section 3.0. 

JN I /  I I ( I  / 1)) 2 006 2-2 
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2.5.2 Stormwater Management System 

2.5.2.1 Introduction 

The stormwater management plan is presented in Appendix H of the Present Landfill Design 
Submittal (Earth Tech, Inc. 2004). This appendix presents the results of calculations used to 
determine the stonnwater run-on and runoff volumes to adequately design the perimeter channels 
and culverts. The calculations use a 100-year, 24-hour storm event and check the capacity of this 
design to handle a 1,000-year, 24-hour storm event. The contributing area for storm events is 
approximately 54 acres. 

2.5.2.2 Applications 

Effective stormwater management is achieved in the system by applying the following 
principles: 

0 Protect the land surface from erosion; 

0 

0 

Manage run-on and runoff keeping velocities low; and 

Inspect and maintain the erosion and storniwater management practices (discussed in 
Section 3.0). 

2.5.2.3 Erosion Control 

At the Present Landfill, stormwater management features have been designed with erosion 5 

control features to limit both short-term erosion and long-term erosion (Figure 2-1). Erosion 
control is any practice that protects soil surfaces and prevents the soil particles fi-om being 
detached by rainfall or wind. The cover is covered with NAG C125'teniporary erosion mat and 
the cover sideslopes, perimeter channel bottom, perimeter channel sideslopes, and diversion 
berms are all covered with NAG SC150 temporary erosion control mat. This will limit short- 
term erosion until vegetation is established. Portions of the perimeter channel with steeper 
slopes are lined with riprap, a more robust erosion control measure. The diversion bemi outfalls 
to the perimeter channel are also lined with riprap to prevent scouring. The cover of the cap has 
been seeded, mulched, and covered with erosion matting to limit erosion until vegetation is 
established. The east face and the portions of the diversion berms have more permanent erosion 
control mat (NAG C350) since the slope is longer and is more susceptible to erosion. Vegetation 
will also reduce the erosion on the east face. 

a 

2.5.2.4 Run-on and Runoff Control 

The system has two purposes for the Present Landfill, which include: 

0 To collect, route, and discharge stonn water run-on and runoff while minimizing 
unnecessary ponding and subsequent infiltration into the cover; and 

To control erosion and sediment transport. 0 
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Run-on stonnwater is conveyed from west of the Present Landfill as overland flow and in 
intermittent, grassed waterways, then enters the perimeter channel. Other run-on is from 
overland flow from the contributing areas on the non-Landfill sides of the perimeter channel. 

Runoff enters the perimeter channel from overland flow on the cover as well as grassed 
waterway flow from the diversion berms constructed on the top of slope at the east face. 

2.5.3 RCRA Groundwater Monitoring Network 

Six RCRA monitoring wells will be used for groundwater monitoring at the Present Landfill as 
discussed in Section 4.0. These wells will be monitored in accordance with the WETS 
Integrated Monitoring Plan (IMP), FY2005 (DOE 2005e). Of the six wells, three are upgradient 
and three are downgradient of the Present Landfill. 

2.5.4 Landfill Seep 

A seep, known as the Present Landfill seep, exists at the east end of the Landfill. A passive seep 
interception and treatment system was constructed to collect the Present Landfill seep water 
flowing from the Present Landfill (DOE 2004). This treatment system was replaced with a 
similar system during construction of the cover system. This new passive treatment system will 
also treat groundwater from the Groundwater Interception System (GWIS) (if any) and flow 
from the east face subsurface strip drains. As a part of the construction of the Present Landfill 
(PLF) closure, the existing GWIS pipelines were routed to the seep treatment system (See Figure 
5-1). The current concentrations of contaminants in the Present Landfill seep are either below or 
just slightly above the Rocky Flats Cleanup Agreement LRFCA) surface water action levels 
(ALs), and below RFCA groundwater Tier I1 ALs (maximum contaminant levels). Monitoring, is 
discussed in Section 5.0. 

’ 

2.5.5 East Landfill Pond 

The East Landfill Pond will remain and receive the treated water from the Present Landfill seep , 
treatment system, surface water from the east face, as well as from precipitation directly into the 
pond. Monitoring of the pond is discussed in Section 5.0. . 

2.5.6 Access Controls 

Access controls will be maintained through a fence around the perimeter of the site, signs at 
entry points that restrict access to authorized personnel only, and warning signs in accordance 
with 6 CCR 1007-3 5265.14. The DOE and the U.S. Fish and Wildlife Service may choose 
additional access controls after site closure. 
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3.0 FINAL COVER AND STORMWATER MANAGEMENT SYSTEM INSPECTION 
AND MONITORING 

This section outlines the inspection and monitoring program to be undertaken at the Present 
Landfill to ensure that the integrity of the cover is not compromised and continues to function as 
designed. Inspection and monitoring tasks will include monitoring subsidence/consolidation, 
slope stability, soil cover, vegetation, stormwater management structures, and erosion in 
surrounding features so that maintenance actions can be taken in a timely manner. In the event 
that actions are needed that go beyond routine maintenance and such actions require engineering 
design, DOE will notify the RFCA parties and will submit to CDPHE for its review and approval 
a proposal for appropriate action. 

3.1 INSPECTION PROCEDURES 

In accordance with the IM/IRA, (DOE 2004) to maintain integrity and effectiveness of the final 
cover, site inspections of the area will be conducted on a regular, periodic basis following 
construction of the final cover. In addition to regularly scheduled inspections, weather-related 
inspections will be conducted as follows: 

0 The site will be inspected after a storm event of one inch or more of rain in a 24-houI 
period; and 

0 The site shall be inspected after significant melt of a 10-inch or more snow stomi 
assuming 10 inches of snow is equivalent to one inch of water. 

Monthly inspections will be conducted for one year. After one year, DOE may propose 
modifying the frequency of inspections based on the data collected and discussions among the 
RFCA parties. It is anticipated that after the initial year, the inspection frequency may be 
reduced to quarterly for an additional four years. The inspection program will be evaluated at 
the Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA) 
review. 

Inspections will be performed by qualified personnel and reviewed by a competent professional. 
Site inspections will encompass the following subjects, as described in sections 3.2 through 3.8: 
subsidence/consolidation, slope stability, soil cover, vegetation, storm water management 
structures, “run-on” erosion controls, and institutional controls and related matters. Inspections 
will be performed using a prescribed fomi containing a checklist of items that documents the 
evaluation of site conditions. The inspection form is presented in Appendix A. The inspection 
form will be signed and dated by the inspector and the reviewer. The findings and observations 
of the site inspection will be entered on the form and presented in an Annual Present Landfill 
Monitoring Report. Minor repairs or maintenance may be performed in conjunction with the 
inspection and will be noted on the inspection form. 

3.2 SUBSIDENCE / CONSOLIDATION 

Subsidence and consolidation at the Present Landfill largely depend on how well the waste was 
compacted when placed, thickncss of the waste, age, rate of waste degradation, and waste 
composition. mraste subsidence or continued consolic1ation may resu!t i n  clifferenlial settlement 0 

, JIInIINIy 2006 3-1 
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which generally occurs when one area of waste settles more readily than another because of 
differences in waste composition, compaction, thickness, and moisture content. Differential 
settlement across the Landfill may create cracks on the surface, which would allow precipitation 
to infiltrate more easily. Differential settlement can also change the topography of the Landfill 
and create areas on the surface where ponding of water can occur. Localized waste subsidence 
can manifest itself in the form of cracks, depressions, and sinkholes. Construction of the final 
cover system included placement of engineered fills and repair of unsuitable areas. In addition, 
the waste was compacted when placed, and decomposition is nearly complete by measurement of 
Landfill gases. Therefore, cover subsidence or consolidation is of little concern. Nevertheless, 
differential settlement may occur. 

3.2.1 Monitoring Locations and Procedures 

Subsidence/consolidation monitoring will be conducted to evaluate actual settlement compared 
to the expected settlement calculated in the final design and to observe areas of water ponding on 
the Landfill surface or other indicators of differential settlement. Subsidence/consolidation at the 
Present Landfill will be monitored by visually inspecting the surface of the Landfill cover for 
cracks, depressions, heaving and sinkholes. Visual inspections will involve traversing the 
Landfill to gain perspective on regions of the Landfill, i.e., every square foot of the Landfill is 
not inspected. In addition to the visual inspections, seven settlement monuments will be installed 
at the locations shown on Figure 2-1. For each monument location, the calculated settlement 
from the final design will be established to be compared to measured settlement. These 
monuments will be monitored quarterly for the first year and annually thereafter. DOE may 
request modifications to the settlement monument inspection frequency, based on field 
conditions and monitoring results. Areas of observed differential settlement, including ponding 
will be staked, photographed, measured, and located on the Landfill site map prior to any 
maintenance action. Control Point 1006 will be maintained as the control for surveying the PLF. 

3.2.2 Maintenance Action Activities 

The maintenance actions that will normally occur to correct the effect of adverse differential 
settlement are to place additional soil and regrade the affected area. This action will eliminate 
the potential for ponding and/or correct the slope of the surface. Maintenance that addresses 
differential settlement will be photographed, and the area will be measured and located on the 
Landfill site map. Replacement soil will be Rocky Flats Alluvium as was used in the 
construction derived from at or near the Site. 

Settlement plate data will be tabulated and the measured settlement will be compared to the 
anticipated settlement calculated in the final design. Should measured settlement exceed 30% of 
the calculated maximum settlement and be expressed as differential settlement, the area will be 
photographed, located on the Landfill site map, as described above, repaired and reported in the 
inspection reports. Should the measured settlement exceed 90% of the calculated maximum 
settlement and be expressed as differential settlement, a qualified geotechnical engineer will be 
consulted to determine a maintenance action and the results of the geotechnical eligineer’s 
evaluation will be reported to the RFCA parties. The area(s) where maintenance actions have 
taken place will be specifically inspected and reported during the inspections of the cover to 
monitor any continued subsidence. Tf di fferential settlement or localized subsidence.appeal-s to 
be subslaiitial and likely to influence the integrity of the existing cover and surface-water 
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drainage over the Present Landfill, DOE will consult with the RFCA parties and submit a plaii 
for appropriate action to CDP.HE for its review and approval. 

3.3 SLOPE STABILITY 

A Landfill site may be susceptible to instability due to lateral movement. Slope failures can be 
caused by the weight of the wastes and cover material, steeply regraded slopes, and seepage 
forces resulting from water infiltration. Seismic forces can also cause slope failures. Steep 
slopes produce less'stable conditions and are more susceptible to failure. Slope failures can also 
occur within the waste mass, resulting in downslope sliding of the cover components. The cover 
system has been designed and constructed with applicable safety factors to guard against slope 
failure. Nevertheless, slope stability will be monitored to verify that slope failure is not in 
progress. In addition, if areas of slope stability concerns are found outside the boundaries of the 
Landfill footprint but within the general area of the Landfill, the area of the inspection will be 
expanded to include these areas. 

3.3.1 Monitoring Locations and Procedures 

Slope stability at the Present Landfill will be monitored by visually inspecting the cover system 
sideslopes, the perimeter channel sideslopes, the east face slope, and the area above the GWIS 
pipeline that was rerouted to the seep treatment system (outside the Present Landfill closure 
boundary) for signs of cracks, evidence of block failure, and evidence of circular failure. The 
inspection will categorize the observed cracking. A known seep area also outside of the Present 
Landfill closure boundary will also be inspected for slope stability and erosion (See figure in 
Appendix A). Visual inspection will involve traversing the slope to gain a perspective of the 
entire slope. Particular attention will be provided at the drainage divide where the east (central 
area) meets both the north and south areas of the east face (see figure in Appendix A). Any areas 
where a surface seep is identified will be photographed, marked, located on the Landfill site map 
and monitored for signs of slope instability. Areas that are identified during the inspections as 
potential slope stability concerns will be photographed, located on the Landfill site map, and 
staked for further monitoring. If adverse surface water flow into cracks is likely, actions such as 
filling the cracks or controlling surface water flows will be taken to prevent surface water fi-om 
entering the cracked area. If further monitoring indicates a continued stability concern, a 
qualified geotechnical engineer will be consulted. In such cases, DOE will propose appropriate 
actions for CDPHE review and approval. 

Monthly inspections will be conducted for one year. After one year, DOE may propose 
modifying the frequency of inspections based on the data collected and discussions aniong the 
RFCA parties. It is anticipated that after the initial year, the inspection frequency may be reduced 
to quarterly for an additional four years. The inspection program will be evaluated at the 
Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA) review. 

3.3.2 Maintenance Action Activities 

Based on the site monitoring data and consultation with a qualified geotechnical engineer, 
maintenance actions will be taken to address any  potential slope failure at the Present Landfill 
that would likely compromise the remedy. The actions will include, but not be Iiniited to, 
regrading affected areas, filling areas, maintaining posi live drainage,of surface water, creating 
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slopes ranging from 2 to 5 percent on top of the waste, and regrading steep sections to achieve 
side slopes no greater than 4: 1. Areas where maintenance actions have taken place will be 
closely monitored and documented for further slope stability concerns. DOE will notify the 
FWCA parties if inspections show continued slope stability concerns in an area of the Present 
Landfill closure and will propose appropriate actions for CDPHE review and approval. 

3.4 SOIL COVER 

The cover system at the Present Landfill is designed to meet the minimum soil erosion 
requirements from both water and wind erosion. During the post-closure period, it is important 
to ensure that both temporary and permanent erosion controls are functioning properly. 
Regardless, the soil cover thickness may change over time due to wind and water erosion. 
Subsidence due to waste settlement and lateral movement of wastes or slopes may also 
contribute to changes in differential soil cover thickness. Monitoring of the soil cover is 
conducted to verify the soil cover is performing in accordance with the design and the Present 
Landfill system as a whole continues to meet performance objectives. 

3.4.1 Monitoring Locations and Procedures 

Monitoring of the soil cover at the Present Landfill will include the following: 

0 

0 

0 

Visually inspecting the soil cover for erosion or deposition areas; 

Visually inspecting the soil cover for signs of burrowing animals; and 

Visually inspecting the diversion berm, diversion berm outfalls, and the east face for 
erosion rills or excessive deposition. 

Visual inspection will involve traversing the slope to gain perspective of the entire area. 
Partidular attention will be provided at the drainage divide where the east (central area) meets 
both the north and south areas of the east face (see figure in Appendix A). Signs of rill and gully 
erosion will be photographed, marked with stakes, measured and located on the Landfill site map 
and reported on the inspection form. Additionally, areas of observed soil deposition will also be 
photographed, marked, measured, and located on the Landfill site map and reported on the 
inspection form. 

3.4.2 Maintenance Action Activities 

If monitoring indicates significant loss of soil over time, maintenance actions will be taken. If a 
gully is measured at equal to or over 6-inches deep, maintenance actions will be implemented. 
Actions may include, but not be limited to, soil replacement, regrading the affected areas to 
match adjacent grades, and removing and relocating eroded soils (if necessary). The regraded 
areas will be vegetated to prevent further erosion. Erosion control nieasures will be iniplcmented 
to prevent further erosion of cover soils, (e.g., erosion control mat, rcvegetation), if necessary. 
The amount of soil used to fill areas of erosion will be estimated, recorded and reported i n  the 
quarterly monitoring report. DOE will notify the RCRA parties if soil erosion concerns persist, 
and will propose appropriate actions for CDPHE revie\v and approval. Areas of soil deposition 
that hinder the flow of surface water in  a stormwater channel will be removed to maintain the 
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-designed channel configuration and flow capacity. Maintenance of these areas will also be 
documented and reported in the quarterly report. 

d 
3.5 VEGETATION 

Vegetation is important at the Present Landfill to aid with short-tenn and long-tenn erosion 
control although the design calculations have shown that the materials used for construction are 
resilient to water and wind erosion. The approved PLF IM/IRA (Section 5.1) states: 
“Additionally, surface vegetation will be established on this soil layer to enhance resistance to 
surface erosion, prevent intrusion of noxious weeds and burrowing animals, and to provide an 

’ aesthetic appearance to the cover, using appropriate native seed mixes. Section 6.1.1 of the 
approved PLF IM/IRA also states: “Vegetation of a soil cover is planned to further reduce 
erosion, although vegetation and weed control measures will be employed to maintain a healthy 
stand of vegetation consistent with the wildlife refuge end-state.” Vegetation inspections will 
ensure that vegetation is established properly and will be consistent with the Rocky Flats, 
Colorado, Site Revegetation Plan (DOE 2005e) and the Rocky Flats, Colorado, Site Vegetation 
Management Plan (DOE 2005d). 

3.5.1 Monitoring Locations and Procedures 

The vegetation at the Present Landfill will be monitored by visual inspection and measurements 
as described in the above referenced document. The vegetation will be monitored by traversing 
the cover and visually inspecting for the health of the grasses and for unwanted vegetation such 
as weeds or deep rooting trees. Major goals of plan are: 

Quantitative grassland success criteria: 8 
1. A minimum of 30 percent relative foliar cover of live desired species (seeded native species 

andor non-seeded native species). 

2. A minimum of 70 percent total ground cover comprised of litter cover, current year live 
vegetation basal cover, and rock cover. 

3. A minimum of 50 percent of the seeded native species will be present at the revegetation site. 

4. No single species will contribute >45 percent of the relative foliar cover (except in areas 
where dominance by a single species is appropriate for long term wildlife and habitat 
management objectives). 

Noxious weeds criteria 
1. Noxious weeds will be evaluated on a species-specific basis, and weed control will be 

employed as necessary using appropriate strategies (Site Vegetation Management Plan [DOE 
2005dl) to achieve the success criteria listed above. 

3.5.2 Maintenance Action Activities 

If visual inspections indicate vegetation concei-lis on the cover, niaintenance action will be taken. 

Actions may include, but not be limited to the following: 

0 Localized reseeding of the soil cover; 
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0 

0 Spot herbicide applications; 

0 

Localized mowing of weeds prior to development of their seeds; 

Fertilization to maintain vitality of the grass cover; and 

0 Removal of deep-rooting trees and repair of the area. 

The maintenance of the cover vegetation will be consistent with the Rocky Flats, Colorado, Site 
Revegetation Plan (DOE 2005d) site-wide vegetation management. The RFCA parties will be 
notified and consulted should. an area consistently show vegetation concerns. 

3.6 STORMWATER MANAGEMENT STRUCTURES 

Stormwater management will be required at the Present Landfill to ensure that existing 
stormwater control structures (man-made drainage features) are functioning adequately to 
achieve the following objectives: 

0 

0 

Prevent run-on and runoff from eroding or damaging the cover; and 

Limit transport of sediment from the disturbed areas to off-site drainage ways. 

Existing stormwater controls at the Present Landfill include the following (Figure 2- 1): 

0 Diversion berm; 

0 Diversion berm outfall-north; 

0 Diversion berm outfall-south; 

Culvert 1; 

Culvert2; 

Southwest culvert outfall; 

Vegetation-lined perimeter channel~nortli; 

0 Vegetation-lined perimeter channel-south; 

0 Riprap-lined perimeter channel; 

East Face riprap channel-north; 

East Face riprap channel-south; and 

0 C350-lined East Face. 

Details of each type of structure are included on Figure 3- I . '  

3.6.1 ' Monitoring Locations and.Procedurcs 

S toi-ni wa t el- manageme tit  structures w i 11 be ti1 o ti i to red v i s LI a 1 1 y by  \v ;I 1 I< i i i  g t I1 e st 1-11 c 1 i i  res a ti cl 
examining all components. Probleni areas \vi11 be noted on the inspection form, graphically c 
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depicted, and photographed. At a minimum, these structures will be inspected for signs of 
excessive erosion, settlement, bank failure, breaching of the diversion berms, subsidence, 
burrowing animals, and blockage. Signs of potential problems include, but are not limited to, 
gullyng, sediment build-up, and depressions. 

The perimeter channel lining will be inspected for evidence of damage, displacement, 
undermining, scour, or deterioration. Repairs shall be made to re-stabilize the channel in 
accordance with the design specifications. Permanent erosion control mat lining on the east face 
will also be inspected. The erosion control mat will be inspected for holes, rips, and separation. 
In addition, any evidence of erosion rills or gullies will be monitored during the inspection. 

3.6.2 Maintenance Action Activities 

If the inspections indicate that the existing stormwater mailagement structures are not adequately 
controlling surface water run-on and runoff, maintenance actions will be taken. 

Routine maintenance of the surface water controls will include removing any blockages, filling 
eroded areas, replacing erosion control mat, or repairing other disturbances as necessary. 
Sediment will be removed from the stormwater management structures to restore the design 
characteristics of the structure. Areas that exhibit excessive erosion may require placement of 
erosion control material or strengthening of the existing erosion control measures. 
of stormwater management continue to show evidence of concern, the RFCA parties will be 
notified and consulted and DOE will submit a plan for appropriate action to CDPHE for its 
review and approval. 

Should areas 

3.7 “RUN-ON” EROSION CONTROL 

Erosion control inspections are to take place in natural drainages around the Present Landfill to 
prevent excess sediment load to the Present Landfill system and to ensure erosion is not 
problematic. Natural drainages and slopes around the Present Landfill to be inspected for excess 
erosion as shown on Figure 2-1 include: 

Natural drainage fed by Culvert 1 ; 

Natural drainage fed by the northeast portion of the perimeter channel; 

Natural drainage fed by the south perimeter channel; and 

Natural area sideslopes of the perimeter channel. 

The inspection will include areas where flows from the chaimels meet the existing land surface. 

3.7.1 Monitoring Locations and Procedures 

The natural drainages will be visually monitored to Idcntify signs of soil erosion tha t  could 
adversely impact the Present Landfill or conditions that may cause an overload on existing 
stonnwater management structures. 
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3.7.2 Maintenance Action Activities 

If inspections indicate soil loss, excessive disturbance in the areas, the presence of erosion 
gullies, or other evidence of erosion, maintenance action will be taken. The slope areas are more 
susceptible to water erosion in the event of high intensity rainfall and are of particular concern. , 

Actions may include placing additional soil, regrading, and seeding of the affected areas. Other 
erosion control measures that may be implemented include placing erosion mat, riprap, straw 
bale barrier(s), and silt fencing. The W C A  parties will be notified and consulted should areas 
consistently show signs of erosion and DOE will submit a plan for appropriate action to CDPHE 
for its review and approval. 

3.8 INSTITUTIONAL CONTROLS AND OTHER INSPECTIONS 

In addition to the inspection and monitoring activities discussed above, the site inspection will 
include assessment of other items that may need attention, such as institutional controls, the 
condition of established monitoring points, and site security. If inspections reveal violations of 
the institutional controls DOE will submit a report evaluating the matter and proposing 
appropriate action to the lead regulatory agency (LRA) for review and approval. 

3.8.1 Institutional Controls 

Institutional controls are used to control access and restrict activities at the Present Landfill to 
ensure the effectiveness of the engineered controls and the monitoring systems. Present Landfill 
inspections will monitor conditions that violate the institutional controls or damage the physical 
controls. Inspections will be conducted to look for evidence of the following activities: 

0 Excavation(s) of the cover and in the immediate vicinity of the cover; 

0 Construction of roads, trails or buildings on the cover; 

0 Drilling of wells or use of groundwater for any purpose other than the accelerated action; 

0 Disruption or damage of the seep treatment system; and 

0 Damage or removal of any signage or groundwater monitoring wells at the Present 
Land fi 11. 

Evidence of Unauthorized Entry. 

A checklist of these items is included o n  the inspection form found in  Appendix A. 

3.8.2 Condition of Monitoring Points 

All established monitoring locations, such as groundwater wells and the seep treatment system or 
other items placed to assist inspection efforts, will be evaluated for ongoing integrity. The 
inspection will include documentation of any damage to the monitoring points tlint \ V O L I I C I  impact 
th ei r it se f i  1 ness Eo r i lisp ec t i o n s . 
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3.8.3 Site Conditions 

During site inspections, signs, markers, and the overall condition of the Present Landfill site will 
be checked to determine continuing effectiveness of institutional and physical controls. 

3.8.4 Reporting and Record Keeping 

Inspection forms and findings will be included in the Annual Present Landfill Monitoring 
Reports discussed in Section 6.0. These annual reports will be submitted to the EPA and the 
CDPHE. 
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4.0 GROUNDWATER MONITORING PLAN 

This section presents the plan to maintain and monitor the groundwater monitoring system for 
the Present Landfill during the post-closure period. 

e 
4.1 PURPOSE AND REQUIREMENTS 

Historically, the groundwater monitoring system was implemented under the IMP (DOE 2005e) 
in accordance with 6 CCR 1007-3, 265.90[d]. The Present Landfill groundwater monitoring plan 
has been implemented to determine groundwater quality impacts of the Landfill (IM/IRA [DOE 
20041) pursuant to the detection monitoring requirements of 6 CCR 1007-3, 8264.9 1 (d) and 
5264.98. The constituents that will be monitored, frequency of monitoring, and other 
requirements of 5264.98 are described in this section and in the IMP (DOE 2005e), the IM/IRA 
(DOE 2004), and Attachment 5 of WCA.  The groundwater monitoring will be used to evaluate 
upgradient versus downgradient groundwater quality at the Present Landfill and will follow the 
requirements of 6 CCR 1007-3, 55264.91 through 264.98. 

4.2 DATA QUALITY OBJECTIVES 

Detailed data quality objective (DQO) information can be found in Section 3.3 of the IMP (DOE 
2005e). The DQOs were generally developed using EPA guidance documents. Groundwater 
monitoring wells at the Present Landfill are categorized as RCRA inonitoring wells under the 
IMP and will proceed through the applicable decision statement outlined i n  Section 3.3 of the 
IMP (DOE 2005e). The following flowchart will be used to guide the decision statement: 
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4.3 WELL LOCATIONS I 

Well locations have been chosen in compliance with the IMP and include a total of six RCRA 
groundwater monitoring wells (Figure 2-1). Locations were selected and approved by both 
CDPHE and EPA. Of these, three are downgradient and three are upgradient. 

Upgradient monitoring wells include well numbers 701 93, 70393, and 70693. Downgradient 
monitoring wells include well numbers 73005, 73 105, and 73205. Monitoring well details are 
summarized in Table 4-1. Boring logs are included in Appendix B. 

i 

4.4 GROUNDWATER QUALITY SAMPLE PARAMETERS 

4.5 SAMPLING PROCEDURES SUMMARY 

Groundwater sampling will be conducted in accordance with RFETS Standard Operating 
Procedures (SOPs). The following sections summarize the groundwater sampling proce’dures 

9 that will be used to monitor groundwater conditions at the Present Landfill. Details include 
groundwater level measurements, conventional groundwater purging and sampling procedures, 
quality control (QC) field samples, decontamination procedures, and investigation-derived waste 
(IDW) management. 

4.5.1 Groundwater Level Measurement 

Water levels are measured to determine groundwater flow patterns, water level fluctuations, and 
the volume of water in a well for the calculation of purge volumes prior to sampling. Since this 
plan requires measuring water levels from a gfoup of monitoring wells for hydrologic evaluation, 
these measurements will be conducted as a complete round, separate from any sampling efforts. 
The six RCRA monitoring wells will be included during water level measurements. Water levels 
will be measured in accordance with RFETS SOPs. 

4.5.2 Conventional Groundwater Purging and Sampling 

Monitoring wells will be purged before samples are withdrawn to prevent collection of non- 
representative stagnant water in a well. Well purging will be sufficient to increase the likelihood 
that the water collected is representative of the groundwater within the fonnation around the 
well. All purging and sampling operations will be conducted in accordance with RFETS SOPs. 

4.5.3 Quality Control Field Samples 

During implementation of the field sampling program, field quality assurance (QA)/QC samples 
will be collected to assess the reproducibility of the field collection techniques, the qual i ty  of 
preservation techniques and sample bottles, and the effectiveness of field decotilami~iatio~i 
procedures. Q N Q C  procedures will be  conducted in  accordance with RFETS SOPs. 
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4.5.4 Decontamination 

Equipment used for monitoring and sampling must be properly decontaminated. 
Decontamination must effectively eliminate the potential for cross-contamination between 
sampling locations and must be conducted using the appropriate materials to prevent the 
introduction of external contaminants (such as phosphate from detergents, aromatic 
hydrocarbons from motor vehicles, or oil and grease from dirty hands). Decontamination \vi11 be 
conducted in accordance with RFETS SOPs. 

4.5.5 Investigation-Derived Waste (IDW) 

IDW that will accumulate during groundwater monitoring includes decontamination and purge 
water. The management of IDW will be conducted in accordance with RFETS SOPs. 

4.6 LABORATORY PROCEDURES SUMMARY 

Analytical methodologies and reporting limits (RLs), data reporting procedures, laboratory 
QNQC procedures, laboratory data validation and contractor validation procedures are to be 
conducted in accordance with EPA-approved methods. Groundwater samples will be submitted 
to an EPA-approved analytical laboratory for the following analyses: 

0 

0 

0 

SW-846 Method 8260B - Volatile Organic Compounds; 

SW-846 Method 6010B - Metals; and 

S W-846 Method 7470A - Mercury. 
The analytical results of these methods for those analytes listed in Table 2 of RFCA Attachment 
5 will be reported. 

Prior to implementing procedures, the laboratory will perform an initial demonstration of 
proficiency as specified in the method. Once the procedure is properly understood by the analyst 
and acceptable quality control data (precision and accuracy) are achieved, the method is placed 
in the laboratory for use. 

Sample results are reported according to laboratory analytical method SOPs or contract 
specifications. The laboratory will report any analyte of interest detected at or above the RL as a 
positive value. Any analyte of interest not detectable or detected below the RL will be reported 
as “not detected” at the RL or an estimated value between the RL and the instrument or method 
detection limit. Data are generally reported in a tabular format or posted on maps and figures. 
RLs are adjusted for dilution when necessary. 

4.7 REPORTING AND SCHEDULE 

Groundwater monitoring results will be included in the Annual Present Landfill h4onitoring 
Reports discussed in Section 6.0. Groundwater monitoring will be conducted on a quarterly 
basis. 
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5.0 PRESENT LANDFILL SEEP AND EAST LANDFILL POND ENVIRONMENTAL 
MONITORING PLAN 

As part of Present Landfill closure, a passive seep interception and treatment system has been 
installed to treat Landfill seep water and GWIS water. Effluent for the treatment system 
eventually flows to the East Landfill Pond. This section presents the monitoring plan for 
treatment system influent and effluent as well as the East Landfill Pond if the treatment system 
effluent exceeds surface water standards. 

5.1 PURPOSE AND REQUIREMENTS 

The Present Landfill Seep and East Landfill Pond Monitoring Plan has been implemented to 
determine surface water quality impacts of the Landfill (IM/IRA [DOE 20041). Applicable 
surface water standards are listed in the RFCA, Attachment 5 ,  Table 1. 

As detailed in the IM/IRA, seep monitoring requirements will consist of quarterly monitoring 
until the CERCLA review. A validated exceedance of a treatment system effluent limit will 
trigger monthly monitoring for three consecutive months. Continued exceedances during the 
three-month period will trigger consultation between the RFCA parties to determine whether a 
change in the remedy is required, additional parameters need to be analyzed, or a different 
sampling frequency is required. 

Continued exceedances will also trigger sampling of the East Landfill Pond for those constituent 
standards that were exceeded in the treatment system effluent. If surface water standards are 
exceeded in the pond, RFCA parties will be consulted to determine if further sampling is 
required, if the water in the pond can overflow the East Landfill Pond dam spillway (Figure 5-1), 
or if another water management strategy should be applied (IM/IRA). Any surface water 
management decision will be made consistent with the Pond Operations Plan, after consultation 
with the LRA. 

The GWIS influent (if any) into the seep treatment system will also be sampled. The water will 
be sampled quarterly for one year, and the analytical results will be evaluated by the RFCA 
parties. 

5.2 DATA QUALITY OBJECTIVES 

Surface water monitoring DQO information can be found in the IMP, Section 2 (DOE 2005e). 
The following flowchart will be used to guide the decision statement for seep treatment system 
effluent and pond sampling. The following flow chart will be used to guide the decision ' 

statement for GWIS sampling: 
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@ The following flow chart will be used to guide the decision statement for GWIS sampling: 

Quarterly sampling of north and 
south GWlS pipelines at manhole. ' 

1 Report quarterly analytical results to 
RFCA parties. I 

I No 

Discontinue sampling. I 
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5.3 SAMPLE LOCATIONS 

Sampling will be conducted at both the influent and effluent of the seep treatment system as well 
as at the GWIS influent flow (Figure 5-1; 4 locations). Flow of the seep influent will be 
manually measured (calibrated bucket and stop watch) when a sample is collected. GWIS 
influent enters the manhole at two locations, and both will be sampled at the manhole. The 
effluent sample will be taken from the base of the treatment unit or after the last step. 

If East Landfill Pond sampling is required as discussed in Section 5.1, a sample will be taken 
near the pond discharge location (Figure 5-1). 

5.4 LANDFILL SEEP AND EAST LANDFILL POND SAMPLE PARAMETERS 

The above described samples will be submitted for laboratory analyses as follows: 

0 

0 

0 

Seep influent - metals, isotopic uranium, and VOCs; 

Treatment system effluent - metals, isotopic uranium, VOCs and SVOCs; 

GWIS - VOCs, metals, isotopic uranium, and nitratehitrite; and 

East Landfill Pond (if necessary) - those constituents that exceeded surface water 
standards in the treatment system effluent sample as discussed in Section 5.2 

.. 

5.5 SAMPLING PROCEDURES SUMMARY 

The following sections detail the sampling procedures that will be used to monitor seep treatment 
system influent, GWIS influent, and seep treatment system effluent and the East Landfill Pond, if  
necessary. QC field samples, decontamination procedures, sample identification, and sample 
handling procedures are identical to those of the groundwater sampling. 

5.5.1 Sampling Procedures 

5.5.1.1 Landfill Seep 

When sampling the Landfill seep treatment system, samples shall be taken in the following order 
to prevent disturbances from upgradient samples : 

0 

0 

Seep treatment system effluent sample; 

Seep influent sample (including manual flow measurement); and 

GWIS influent samples (north and south separately). 

When taking treatment system effluent samples, direct dipping of the sample containers \vi thout 
preservatives into the water to be sampled is desirable. Effluent samples that are to be preservecl 
with chemical additives shall be collected using a properly decontaminated dipper, filtered i f  so 
specified, and poured into the sample container already containing the proper- chemical 
preservative. Teflon 01 stainless steel vessels may be used to colleci samples fi-om the effluent. (E - -  
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The seep influent samples shall be taken by placing the sample containers directly under 
discharge 'location inside the treatment system. 'Separate GWIS samples will be taken from the 
north and south pipes entering the manhole. a 
5.5.1.2 East Landfill Pond 

In the event that the East Landfill Pond is sampled, pond water will be sampled using a pond 
sampler device. The collection suite will be dependant on effluent exceedances. The pond 
sampler can be purchased or simply fabricated with the following parts: 

0 One 250-milliliter (ml) polypropylene beaker (laboratory supply store); 

0 

Adjustable clamp sized for 250-ml beakers (laboratory supply store); 

Aluminum telescoping tube equipped with bolt holes (swimming supply store); and 

Nutsholts to attached clamp to telescoping tube (hardware store). 

Pond water from the sampler device will be poured directly into the sample containers. The 
device must be decontaminated in accordance with Section 4.5.4 between samples. 

5.6 LABORATORY PROCEDURES SUMMARY 

Analytical methodologies and IUS,  data reporting procedures, laboratory Q N Q C  procedures, 
and laboratory data validation and contractor validation procedures are to be conducted in 
accordance with EPA-approved methods. Samples will be submitted to an EPA-approved 
analytical laboratory for the following analyses: .@ 

0 SW-846 Method 8260B - Volatile Organic Compounds; 

SW-846 Method 6010B - Metals; 

0 

0 

0 

SW-846 Method 7470A - Mercury; 

SW846 Method 8270B - Semi-Volatile Organic Compounds; 

Alpha Spectrometry - Isotopic Uranium; and 

EPA-600 / 4-79-020 Method 353.2 - Nitratemitrite. 
The analytical results of these methods for those analytes listed in Table 1 of W C A  Attachment 
5 will be reported. 

5.7 REPORTING AND SCHEDULE 

Landfill seep and East Landfill Pond sampling results will be included in the Annual Present 
Landfill Monitoring Reports discussed in Section 6.0. Sampling will be conducted on a qwirlerly 
basis. 
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5.8 SEEP TREATMENT SYSTEM INSPECTIONS 

During sampling of the passive seep treatment system, the system components will be inspected 
' to ensure proper operation. The treatment system is shown on Figure 5-1 and includes the 
follohing components: 

0 

0 

Previous seep treatment system influent pipe; 

East face strip drain influent pipe; 

0 Concrete manholes (two); 

' GWIS influent pipes (two); 

0 

0 

Treatment unit effluent pipe. 

Treatment unit influent pipes (two); 

Treatment unit, which includes 10 steps; and 

The concrete manholes and treatment unit will be inspected for signs of damage as will the 
piping contained within. The influent and effluent pipes within the manhole and the treatment 
system effluent pipe will be inspected for signs of blockage. 
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6.0 REPORTING AND CONTACT INFORMATION 

6.1 REPORTING 

The complete Annual Present Landfill Monitoring Report, including inspe tion results, repairs, 
groundwater monitoring data, Landfill.seep monitoring data, and East Landfill Pond monitoring 
data if applicable, will be submitted to RFCA parties. Any maintenance actions during the year 
will be detailed in the report. If serious conditions occur at any time that require immediate 
attention, RFCA parties will be notified immediately. The Annual Present Landfill Monitoring 
Report will include at a minimum: 

Summary of monitoring locations; 

All inspection forms/reports for the year, including vegetation information; 

Notations of problems, action taken, maintenance or repairs as a result of the inspections; 

Any deviations from the Plan and the rationale for such deviations; 

Tables with depth to water, well elevations, and groundwater elevations; 

Table with groundwater results and associated qualifiers; 

Tables with seep sampling results and associated qualifiers; 

Tables with GWIS sampling results (first year only); 

Tables with East Landfill Pond sampling results if applicable; 

Figures with groundwater monitoring points, East Landfill Pond monitoring points, and 
location(s) of problems and/or repairs; and 

Groundwater and seep water sampling forms. 

During the year, DOE will transmit completed inspection forms as they become available, but in  
no case later that one month after the field activity is completed. 

6.2 CONTACT INFORMATION 

The point of contact and contact information for the Present Landfill during the monitoring and 

maintenance phase is as follows: 

Scott SurovchaklDepartment of Energy 
Rocky Flats Office of Legacy Management 
12 10 1 Aifpoi-t Way, Unit A 
Broomfield, CO 80021-2583 
303-966-355 1 



Laridfill Monitoring and Maintenance Plan and Post Closure Plan RFETS Present Landfill 

7.0 REFERENCES 

Earth Tech, Inc, 2004, Final Design Analysis and Design Calculations, Accelerated Action 
Design for the Present Landfill, October. 

EPA, 2002, Technical Guidance for RCWCERCLA Final Covers, April. 

, 

DOE, 2004, Final Interim Measurehterim Remedial Action for IHSS 114 and RCRA Closure 
for the RFETS Present Landfill, Rocky Flats Environmental Technology Site, Golden, Colorado, 
August. 

DOE, 2005a, Pond Operations Plan, Rocky Flats Environmental Technology Site, Golden, 
Colorado, September. 

DOE, 2005b, Emergency Response Plan for Rocky Flats Dams, Rocky Flats Environmental 
Technology Site, Golden, Colorado, September. 

DOE, 2005c, Rocky Flats, Colorado, Site Revegetation Plan, Rocky Flats Office of Legacy 
Management, Broomfield, Colorado, December. 

DOE, 2005d, Rocky Flats, Colorado, Site Vegetation Management Plan, Rocky Flats Office of 
Legacy Management, Broomfield, Colorado, December. 

DOE, 2005e, RFETS Integrated Monitoring Plan FY2005, Revision 1 Background Document, 
Rocky Flats Environmental Technology Site, Golden, Colorado, September. 

DOE, 2006, Rocky Flats Wetland Mitigation Monitoring and Management Plan, Rocky Flats 
Office of Legacy Management, Broomfield, Colorado, September (in prep). 

a 



TABLES 



TABLE 4-1 
GROUNDWATER MONITORING WELLS 

PRESENT LANDFILL 
l O F l  

I Screen Borehole Well Depth to Top of Depth to 
Installation Length Depth Diameter Screen Bedrock . 

WellID Type Date (feet) (feet bgs) (inches) (feet bgs) (feet bgs) 
70 193 Upgradient 1/15/93 15 39.4 2 22.30 19.50 
70393 Upgradient 2/2/93 15 26.0 2 7.80 , 22.80 
70693 Upgradient 12/4/92 20 30.3 2 8.50 28.50 

73 105 Downgradient 6/27/05 20 27.7 2 5.65 12.50 
73205 Downgradient 6/27/05 25 32.0 2 4.55 4.20 

73005 Downgradient 6/27/05 20 28.0 2 4.60 0.00 

Notes: 
bgs below ground surface 

. .  
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FIGURE 1-1 

LOCATION MAP . 
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FIGURE 1-2 

PLF SITE MAP 

ROCKY FLATS ENVIRONMENTAL TECHNOLOGY SITE - 
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I FIGURE 2-1 

E A R T H &  9 T E C H 
PLF SURFACE FEATURES 
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24" INFILTRATION SOIL LAYER 

NAG SC150 EROSION MAT ff 
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FIGURE 3-1 

PLF STORMWATER MANAGEMENT 
STRUCTURE DETAILS 

ROCKY FLATS ENVIRONMENTAL TECHNOLOGY SITE 
GOLDEN, COLORADO 
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DIVERSION BERM OUTFALL 
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VEGETATION-LINED PERIMETER CHANNEL 
NTS 

D I S T U R B E D  S I D E S L O P E S  WERE SEEDED 
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NOTE: RIPRAP AND BEDDING MAINTAINED 
DESIGN THICKNESS UP THE SIDESLOPES 
FOR 2 VERTICAL FEET. AFTER THIS,MATERlAL 
TAPERS OUT. 

RIPRAP-LINED PERIMETER CHANNEL 
NTS 

EXISTING GRADE 

6001 TYPE 11' 
GRANULAR BEDDING ,/ I_ 4 '  \ COOT TYPE V L  

RIPRAP 1050.6") 8 OZ GEOTEXTILE 

EAST FACE RIPRAP CHANNEL SECTION 
NTS 
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APPENDIX A 

PRESENT LANDFILL INSPECTION FORM 



PRESENT LANDFILL - MONITORING AND MAINTENANCE PROGRAM 

INSPECTION FORM 

INSPECTOR: DATE: TIME: REVIEWED BY: 

TEMPERATURE. WEATHER CONDITIONS: REVIEW DATE: 

METEOROLOGICAL STATION LOCATION: 

SUBSIDENCE / CONSOLIDATION I 

TOP OF COVER - WEST 

EVIDENCE OF 

D y e s  UNO a y e s  0 NO D y e s  UNO I  yes U N O  I 
, 

EVIDENCE OF EVIDENCE OF SINK EVIDENCE OF 

EAST FACE SLOPE - NORTH SEEP* 

OTHER 

0 Yes NO 0 Yes 0 NO 0 Yes UNO 0 Yes UNO 

‘Top OF COVER - EAST. 

* A R E 4  OF SEEP IS  OUTSIDE OF LANDFILL COVER A N D  EAST OF THE COVER ANCHOR TRENCH 

PAGE 1 OF I O  



II SLOPE STABILITY II 

COVER SIDESLOPE - NORTH 

COVER SIDESLOPE - SOUTH 

Yes UNO 0 Yes UNO 0 Yes  U N O  

0 Yes UNO 0 Yes UNO IJ Yes NO 

1 PERIMETER CHANNEL OUTER SLOPE - NORTH I 0 Yes UNO 0 Yes  UNO 
0 Yes UNO 1 PERIMETER CHANNEL OUTER SLOPE - SOUTH 1 Yes NO 

c] Yes UNO 
D y e s  0 NO 

EAST FACE SLOPE - NORTH 

EAST FACE SLOPE - SOUTH 

Yes UNO Yes UNO a y e s  UNO 

0 Yes UNO 0 Yes UNO Yes UNO 
EAST FACE SLOPE - CENTRAL I O Y e s  UNO 

EAST FACE SLOPE - NORTH SEEP* I 0 Yes 0 N O  
~ ~~ ~~~ 

MAINTENANCE REQUIRED / COMMENTS/PHOTO LOG 

* AREA OF SEEP IS OUTSIDE OF LANDFILL COVER AND EAST OF THE COVER ANCHOR TRENCH 

PAGE 2 OF 10 



TOP OF COVER - WEST Yes UNO 

COVER - BAROMETRIC VENTS Yes 0 NO 

EVIDENCE OF 
EROSION 

RILLS/GULLIES? 

0 Yes UNO 

EVIDENCE OF 
BURROWING 

ANIMALS? 

a y e s  UNO 

OTHER 
(DESCRIBE BELOW) 

TOP OF COVER - EAST Yes UNO 
COVER SIDESLOPE - NORTH I Yes 0 N O  0 Yes UNO 0 Yes UNO 

0 Yes 0 NO 0 Yes UNO 

EAST FACE SLOPE - NORTH I 0 Yes 0 No 0 Yes UNO 
EAST f-ACE SLOPE - SOUTH 1 Yes 0 No 

EAST FACE SLOPE - CENTRAL I 0 Yes 0 No Yes UNO Yes UNO 
c] Yes 0 NO 0 Yes UNO 0 Yes 0 NO 

PIliE.4 \ W E R E  EAST SLOPE CENTRAL 

VENT CAPS IN 

0 Yes 0 N O  

STANDPIPES IN 
GOOD 

CONDITION? 

O Y c s  UNO 
BIRDS OR INSECTS 

IN VENT CAPS? PLACE 6r 1 SECURE? 
a y e s  NO 

MAINTENANCE REQUIRED / COMMENTSPHOTO LOG 

PAGE 3 OF 10 



I VEGETATION 

REGION 

TOP OF COVER- WEST 

TOP OF COVER - EAST 

EAST FACE SLOPE - NORTH 

EAST FACE SLOPE - SOUTH 

EAST FACE SLOPE - CENTRAL 

COVER SIDESLOPE - NORTH 

COVER SIDESLOPE - SOUTH 

VEGETATION-LINED PERIMETER CHANNEL - NORTH 

VEGETATION-LINED PERIMETER CHANNEL - SOUTH 

* Unwanted vegetation includes weeds and deep-rooting trees 

MAINTENANCE REQUIRED / COMMENTS/PHO?’O LOG 

UNWANTED VEGETATION OTHER 
PRESENT*? (DESCRIBE BELOW) CONDITION OF GRASS 

1 

u ~ e s  UNO 
I D y e s  UNO 

0 Y e s  UNO 
O ~ e s  UNO 
0 Y e s  UNO 
0 Y e s  UNO 
0 Y e s  UNO 

0 Y e s  UNO 

PAGE 4 OF 10 



L SEEP TREATMENT SYSTEM I 

GM’IS INLET PIPES O ~ e s  U N O  
0 Yes 0 NO STRIP DRAIN INLET PIPE 

NORTH M A N H O L E  O U T L E T  PIPE I 

D y e s  UNO 
0 Yes U N O  

0 Yes UNO 
0 Yes 0 NO 

SOUTH M A N H O L E  O U T L E T  
PIPE 0 Yes UNO 

T R E A T M E N T  UNIT 1 0 Yes UNO 0 Yes UNO 
T R E A T M E N T  UNIT O U T L E T  PIPE I Yes UNO 0 Yes UNO 

NORTH M A N H O L E  I Yes UNO 
SOUTH M A N H O L E  0 Yes N O  0 Yes UNO 

T R E A T M E N T  UNIT GRATING I NA U Y e s  UNO 

MAINTENANCE REQUIRED / COMMENTS/PHOTO LOG 

OTHER 
(DESCRIBE BELOW) 

PAGE 5 OF 10 



I STORMWATER MANAGEMENT STRUCTURES 

CHANNELS / LINING 

EVIDENCE OF EVIDENCE OF 
EXCESSIVE EVIDENCE OF SEDIMENT EVIDENCE OF LINING 
EROSION, SETTLEMENT/ EVIDENCE OF EVlDENCE OF BUILD-UP OR DETERIORATION, 

GULLYING, SCOUR, SUBSIDENCE OR BREACHING OR BURROWING OTHER HOLES, RIPS, OR 
OR UNDERMINING? DEPRESSIONS? BANK FAILURE? ANIMALS? BLOCKAGE? SEPARATION? STRUCTURE 

DIVERSION BERM 0 Yes 0 N O  Yes 0 NO . 0 Yes U N O  I7 Yes UNO a y e s  UNO 0 Yes UNO 
VEGETATION-LINED 

PERIMETER CHANNEL - NORTH 

EAST FACE RIPRAP CHANNEL - 
SOUTH 

OTl-I E R D EF I C I E N C  I ES? 

EVIDENCE OF 
DISPLACEMENT? LINING 

a y e s  UNO 1 D y e s  UNO 

kl A I NTEN A NC E R EQU I R E D  / COM M ENTS/PHOTO LOG 

PAGE 6 OF 10 



OUTFALLS 

CHECK EACH STRUCTURE FOR EXCESSIVE EROSION AND SEDIMENT DEPTH. IF SEDIMENT DEPTH IS COMPROMISING THE DESIGN CHARACTERISTICS, REMOVE 
SED I M ENT. 

STRUCTURE CONDITION / SEDIMENT DEPTH 

DIVERSION BERM OUTFALL - NORTH 1 
DIVERSION BERM OUTFALL - SOUTH 

CULVERT 1 OUTFALL 

CULVERT 2 OUTFALL 

SOUTHWEST CULVERT OUTFALL 

CULVERTS 

CHECK EACH STRUCTURE FOR BLOCKAGE, SURROUNDING CONDITIONS, BREACHING, SEDIMENT BUILD-UP, AND INLET/OUTLET CONDITIONS. 

STRUCTURE CONDITION 

CULVERT 1 

CULVERT 2 

SOUTHWEST CULVERT 
I 

~ 

MA I NTENA NCE li EQUIRED/PHOTO LOG 

PAGE 7 OF 10 



“RUN-ON” EROSION CONTROL 

RUN-ON NTO PERIMETER CHANNEL - 
SOUTH 

NATURAL DRAINAGE FED BY CULVERT 1 

AREA ADVERSELY AFFECTING PLF? 

NORTH 0 Yes [7 NO COMMENT: RUN-ON INTO PERIMETER CHANNEL - 

0 Yes 0 NO COMMENT: 

0 Yes UNO COMMENT: 

0 Yes 0 N O  COMMENT: 
N A T U R A L  DRAINAGE FED BY NORTHEAST 

PERIMETER CHANNEL I NATURAL DRAINAGE FED BY RIPRAP I Yes 0 No COMMENT: 

MAINTENANCE REQUlREDlPHOTO LOG 

PAGE 8 OF 10 



1 TF. RI 

DAMAGE OR REMOVAL OF ANY 
SIGNAGE OR GROUNDWATER 

MONITORING WELLS? 

EVIDENCE OF EXCAVATION(S) OF 1 COVER AND IMMEDIATE VICINITY OF COMMENT: 

0 Y e s  UNO 

COVER? 
EVIDENCE OF CONSTRUCTION OF 1 

I 1 ROADS,TRAILSONCOVEROR I O ~ e s   ON^ COMMENT: 
BUILDINGS? 

EVIDENCE OF UNAUTHORIZED 
ENTRY? 0 Yes 0 NO COMMENT: 

Yes UNO EVIDENCE OF DRILLING OF WELLS OR 
USE OF GROUNDWATER? COMMENT: 

D y e s  UNO COMMENT: 
DISRUPTION OR DAMAGE OFSEEP 

TREATMENT SYSTEM? 

COMMENT: 

OTHER DEFlCl ENCIES/PHOTO LOG 

PAGE 9 OF 10 
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APPENDIX B 

GROUNDWATER WELL BORING LOGS / CONSTRUCTION SUMMARIES 
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STATE PLANE COORDINATES AREA: GRND ELEV. (FT): 5937.35 CASING DIA (IN): 2 LOG OF BORING NUMBER: 

73005 NORTH: 753006.65 TOTAL DEPTH (FT): 28.0 BH DIA. (IN): 8 
EAST 2084095.22 COMPLETION DATE: 6/22/05 GRID LOCATOR: 

PROJECT: Present Landfill 
REMARKS: 

GEOLOGIST: E. Warp 

. . . .  : . . . .  
/ / /,/ . . .  
/ / / /  

I / / /  
. . . .  
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oxidized mottling. Massive texture. Weak to moderately friable, trace 
roots. Slightly moist. Trace to some, very fine grained, sand. 

CLAYSTONE: Silty Claystone, light brownish gray (10YR6/2). 
Decreased iron oxidation to trace. Strongly friable, crumbly, trace 
roots, slightly moist. 

No recovery. 

SILTSTONE: Clayey Siltstone, light yellowish brown (10YR6/4) to 

I 

I 

Unified Soils - Well or 9 
t Piezometer 2 Constructlon 5 n Classification 
iij and Materials Lithology or Rock Type 

CI 

-- --- 
,- -r 

--_ - -I - - 
--- 

-- --- -- -- --- 
--- -_ --_ --_ 
- --- - -_ - -- --_ --- --- --- -- --- --I 
-_- - -Z  
--- -- 
--- 

Llthologlc Description 

CLAYSTONE: Claystone with some silt, light brownish gray 

planes (subhorizontal) and fracture surfaces. Trace white caliche 
stringers and blebs. Massive texture, moderately friable, slightly 
moist. 

No recovery. 

CLAYSTONE: Claystone with some silt, pale brown (10YR6/3) with 
some gray (10YR5/1) mottling. Weak pervasive iron oxidation from 

(10YR6/2). Trace weak iron oxidation, predominately along bedding 

5940 
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LOG OF BORING NUMBER: CI 

73005 Unified Soils Well or G Piezometer 5 
$ Construction E Classification 
3 and Materials LlthhOlogY or Rock Type Llthologic Descriptlon PaQe 2 Of 4 

- 5  

- 6  

- 7  

- a  

- 9  

- 1  

- 1  

- 1  

- 1  

icreen. Sch 
I0.PVC. 2 
I. ID.. 
1.010 in. 
1019 

4.0' to 4.4'. Gray mottling from 4.4' to 4.8, with iron oxidation on 
internal fracture surfaces. Massive texture. Slightly moist from 4.0'. 
to 4.4', increase to moist from 4.4' to 4.8'. Friable. 

CLAYSTONE: Claystone with some silt, gray (10YR5/1) to grayish 
brown (1 OYR5/2). Weak iron oxidation along bedding planes. 
Massive texture, weak to moderately friable, slightly moist. 

No recovery. 

CLAYSTONE: Claystone with trace silt, same as interval from 4.8' to 
5.9'. Slightly moist. 

CLAYSTONE: Claystone, gray (1 OYR6/1), predominately un- 
oxidized. Faint undulating bedding planes visible. Trace black 
organic stringers throughout. Weak to moderately friable. Slightly 
moist. 

No recovery. 

CLAYSTONE: Claystone, gray (lOYR6/1), predominately un- 
oxidized. Faint undulating bedding planes visible. Trace black 
organic stringers throughout. Weak to moderately friable, slightly 
moist. 

No recovery. 

CLAYSTONE: Claystone, gray (1 OYR6/1), predominately un- 
oxidized. Faint undulating bedding planes visible. Trace black 
organic stringers throughout. Weak to moderately friable, slightly 
moist. Trace iron oxidation stringers from 10.3' - 10.5'. 

CLAYSTONE: Claystone, brown (10YR5/3), slight color change. 
Faint laminations (bedding planes) visible with trace to some black 
organic stringers on planes. Trace to some iron oxidation stringers 
along bedding planes and fracture surfaces. Weak to moderately 
friable, slightly moist. 

CLAYSTONE: Claystone, gray (10YR5/1 to 10YR6/1). Weak iron 
oxidation along bedding planes at 11.6' and from 12.2' to 13.0'. 
Fissile and moderately friable, slightly moist. Iron oxidation along 
fracture surfaces, especially from 11.6' to 11.8' and 12.2' to 13.0'. 



n - 
LOG OF BORING NUMBER: 

73005 Unified Soils 
n Well or 5 5 Piezometer 5 
$ Construction E Classification 
E and Materials Lithology or Rock Type Lithologic Descrlption Page I of 4 

J 

5923 - 

5922 - 

5921 - 

5920 - 

a 5919 

5918 - 

5917 - 

5916 - 

5915 - 

- 1  

- 1  

- 1  

- 1  

- 1  

- 1  

- 2  

- 2  

- 2  

SILTSTONE: Clayey Siltstone to silty claystone, pale brown 
(10YR6/3) to light brownish gray (10YR6/2). Weak iron oxidation on 
sub-horizontal bedding planes (approximately 4 to 6 iron-oxidized 
bedding planes per foot) and fracture surfaces. Trace black organic 
stringers. Notable iron oxidation coating 80 deg fracture from 18.9' 
to 19.2'. Color of iron oxidation is strong brown (7.5YR5/6). Iron 
oxidation on 20 deg fracture from 19.5' to 19.6'. Moisture decreasing 
to trace. Occasional iron oxidation-replaced organic debris 
fragments. Some intervals to silty claystone, but predominately 
clayey siltstone. 

SILTSTONE: Clayey Siltstone to silty claystone, gray (10YR5/1). 
Notable color change. Decrease iron oxidation to trace as minor 
fracture coating. Massive texture, moderately friable. Increase 
moisture to slightly moist. 



P LOG OF BORING NUMBER: Well or - g Piezometer 5 L Construction t Classification 
ii'i and Materials Lithology or Rock Type Lithologic Description Pago 4 O f  4 

73005 Unified Soils 

- 2  

- 22 

- 2  

- 21 

- 2  

2i 

_ _ _  --_ --- - CLAYSTONE: Claystone with trace silt, gray (10YR5/1) to light _ _ _  
brownish gray (1 OYR6/2). Decreased iron oxidation to trace along 
bedding planes and fracture surfaces. Massive textured, moderately 
friable. Clay-rich (no silt) from 24.0' to 24.2' and slightly darker color 

---- --__ --- (dark gray: 10YR4/1). Moist, decreasing to very slightly moist from 
I-- -- -1 24.2' to 26.0'. Fissile between 24.5' and 25.7'. Trace black organic 
:- _ _  - -1 material. 

---_ --_ - _ _ _  _ _ _  ---_ --- _ _ _ _  --_ ---_ --- --__  --_ 
--- _ _  
-__  _ _  
_ _ _  ---- --- --__ --- ---- -__ --_- --- --__ -__  ---- --- --__  --_ ---- --_ ---_ --- ---- --_ --- --- - --- - - I 
I- _ _ _  - I 
- -__  - - I and 27.0'. Very slightly moist. 

CLAYSTONE: Claystone, grayish brown (10YR5/2). Massive 
texture, weakly friable. Iron oxidation along internal fractures at 26.3' 

--_ _ _  
_ _ _  - _ _  --- 
---- --- --__ -__  ---- --- --__ --- ---- --- ---_ --- ---_ --- --_ --- - --- - - 1 
- --- - - 1 change. Fissile and friable, trace moisture. 

CLAYSTONE: Claystone, dark'gray ( I  OYR4/1). Notable color --- _ _ _  _ _ _  
- -__ _ _ _  ---- --_ - -__ --- -__-  

CLAYSTONE: Claystone with some silt, yellowish brown ( I  OYR5/6) 
and gray (?OYR5/1). Weak iron oxidation mottled throughout. Iron 
oxide coating -80 deg fracture at 22.9'. Moderate pervasive iron 
oxidation from 23.7' to 23.8. Moderately friable from 23.1' to 24.0', 
corresponding with increased moisture zone. Slightly moist from 
22.7'to 23.1', moist from 23.l ' to 24.0'. 

I I I No recovery. 
/ 
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GP: Gravel (fill), pea gravel (1/4" diameter, subrounded to 
subangular), composed of granite and quartzite. Poorly graded, dry. 

CL: Clay with trace sand and gravel, grayish brown (10YR5/2) to 
gray (1 OYR5/1). Re-worked claystone. Thin black organic stringers 
common, moist. 

SC/CL: Gravelly, Sandy Clay to clayey, gravelly sand, strong brown 
(7.5YR5/6). Imported fill (Qalrf). 60% clay, medium plasticity, 30% 
sand (medium grained to coarse grained, subrounded to 
subangular), 10% gravel (1/4" diameter, subrounded to subangular), 
very moist. 

No recovery. 

SC/CL: Gravelly, Sandy Clay to clayey, gravelly sand, strong brown 
(7.5YR4/6). Imported fill (Qaltf). Very similar to interval from 0.4' to 
0.8'. 65% clay, medium plasticity, 20 - 25% sand (medium grained to 
coarse grained, subangular to subrounded), 10 - 15% gravel (1/8" - 
1/4" diameter, subrounded, predominately granite and quartzite), 
saturated, but not flowing. 

No recovery. 

SC/CL: Gravelly, Sandy Clay to clayey, gravelly sand, strong brown 
(7.'5YR4/6). Imported fill (Qalrf). Very similar to interval from 2.0' to 
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5921 - 

5920 - 

5919 - 
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- 0  

- 9  

- 1  

- 1  

- 1, 

- 1: 

Filler Pack. 
16140 Silica 
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4opvc. 2 
in. ID.. 
OD10 I". 
sbls 

2.9'. 60% clay, medium plasticity, 25% sand (medium grained to 
coarse grained, subangular to subrounded), 15% gravel (1/4" - 1/2" 
diameter, subangular, composed of granite, quartzite, and schist), 
saturated. 

No recovery. 

GP: Gravel with trace sandy clay, strong brown (7.5YR4/6) clay. 
Appears to be pea-gravel (possible slough). Gravel (1/4" - 3/4" 
diameter, subrounded to subangular), poorly graded. Moisture 
decreases from saturated to moist. 

GC/CL: Gravelly, Sandy Clay and shattered quartzite cobble mixture. 
45% gravelly, sandy clay, light brown (7.5YR6/4) with 55% shattered 
cobbles (1/2" to 1-112" diameter, angular), moist. 

No recovery. 

GC/CL: Sandy Clay/Gravel mixture, strong brown (7.5YR5/6) clay. 
60 - 70% gravel and cobbles, 20 - 30% clay (medium plasticity), 5 - 
10% sand (coarse grained, subangular). Shattered quartzite cobbles 
from 8.4' to 8.6 ( 2  diameter) and from 9.2' to 9.5' (2' - 3" diameter). 
Moist. 

No recovery. 

GC/CL: Sandy Clay/Gravel mixture, strong brown (7.5YR516). 50% 
clay (medium plasticity), 30% gravel ( I / V  - 3/4",diameter, 
subangular), -20% sand (coarse grained), moist. Quartzite cobbles 
( I "  - 2" diameter) at 11.2' and 11.7'. 

No recovery. 

GCICL: Sandy Clay/Gravel mixture, same as interval from 10.0' to 
11.9l. 

CL: Silty Clay, gray (10YR6/1). Re-worked silty claystone. Poor 
recovery due to clogged split spoon sampler producing "ribbons" of 
claystone. Probable cobble lodged in sampler. Moist. 

No recovery. 

/ 
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- 2  

- 2  
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CLAYSTONE: TOP OF BEDROCK. Silty Claystone (weathered 
bedrock), grayish brown (1 OYR5/2) with some yellowish brown 
(10YR5/6) mottling. Massive texture, firm and cohesive. Weak to 
moderately friable. Weak iron oxidation mottled throughout. Trace 
black organic material. Moist. Bedrock contact estimated at 12.5'. 
Estimated by drilling conditions and changes in penetration. 

No recovery. 

CLAYSTONE: Silty Claystone, iron oxidized, yellowish brown 
(10YR5/4), grading to gray (10YR5/1) at base of interval. Moderate 
pervasive iron oxidation from 16.0' to 16.3, then decreasing at base 
Massive texture, weak to moderately friable. Saturated from 16.0' to 
16.2', decreasing to moist from 16.2' to 16.3'. 

CLAYSTONE: Claystone with silt, iron oxidized, yellowish brown 
(10YR5/8). Strong pervasive iron oxidation. Firm and dense, moist. 
Black organic material common as stringers and along undulating 
bedding planes. 

CLAYSTONE: Claystone with silt, grayish brown (10YR5/2) with 
some yellowish brown (1 OYR5/6) mottling. Decreasing overall iron 
oxidation to weak, mottled. Firm, weakly friable, moist. Black organic 
stringers common. Faint bedding visible. 

No recovery. 
~~~ 

CLAYSTONE: Claystone with trace to some silt, gray (10YR5/1) with 
yellowish brown (10YR5/4) mottling. Weak iron oxidation mottled 
throughout. Firm/dense. Weakly friable. Black organic stringers 
common. Black carbonaceous material coating bedding planes at 
18.9' and 19.0'. Moist. 

No recovery. 

CLAYSTONE: Claystone, light brownish gray (10YR6/2) to gray 
(1 OYR6ll). Massive texture, firm/dense. Trace overall iron oxidation. 
Weak iron oxidation from 21.7' to 22.0'. Trace black organic 
stringers. Moisture decreases to slightly moist. 

CLAYSTONE: Claystone, gray (10YR5/1) to dark gray (10YR4/1). 



LOG OF BORING NUMBER 

731 05 Unified Soils 
Construction 8 Classification 

Well or Q 
Piezometer s 

E and Materials Lithology or Rock Type Lithologic Description Page 4 Of  4 

5903 

5902 

5901 

5900 

5899 

Un-oxidized bedrock. Notable color change. Massive texture, 
firmldense. Trace black organic material. Moisture decreases to very 
slightly moist. Abrupt color change at base. 

CLAYSTONE: Claystone, dark gray (10YR4/1) to very dark gray 
(10YR3/1). Un-oxidized, un-weathered bedrock. Fissile/friable. Black 
carbonaceous material common. Decreasing moisture. 

No recovery. 

CLAYSTONE: Claystone, dark gray (1 OYR4/1) to very dark gray 
(10YR311). Un-oxidized, un-weathered bedrock. Fissile/friable. Black 
carbonaceous material common. Abundant black carbonaceous 
material from 27.0' to 27.7'. Moisture decreases to trace. Refusal at 
27.7'. 



LOG OF BORING NUMBER: STATE PLANE COORDINATES AREA: GRND ELEV. (FT): 5937.12 CASING DIA (IN): 2 
NORTH: 752767.53 TOTAL DEPTH (FT): 32.0 BH DIA. (IN): 8 
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CL: Clay with silt, trace gravel, and trace sand, brown (7.5YR4/3). 
Medium plasticity and firm. Trace to 3% disseminated caliche. Trace 
roots. Schist cobble (3/4" diameter, subangular) at 0.3'. Slightly 
moist to moist. 

No recovery. 

CL: Clay with silt, trace gravel, and trace sand, brown (7.5YR4/4 to 
7.5YR4/2). Medium plasticity and firm. Same as interval from 0.0' to 
1 S. Slightly moist. 

GC/CL: Sandy GraveVClay mixture, brown (7.5YR4/4). -75% sandy 
gravel and -25% clay. Gravel (1/4" - 1" diameter, subangular to 
subrounded, predominately quartzite). Sand (coarse grained, 
subangular). Weak iron oxidation disseminated throughout clay and 
as coating on 1/4" gravel clasts. Trace disseminated caliche. 2" 
diameter quartzite cobble at 2.4'. Shattered quartzite cobble from 
3.0' to 3.2'. Poor recovery due to cobbles. Slightly moist. 

No recovery. 
I 

CL: Sandy, Gravelly Clay, brown (7.5YR414). 5 - 10% gravel (1/4" - 
1/2" diameter, subrounded to subangular, predominately quartzite). 
5 - 7% sand (coarse grained, subangular). Clay has medium 
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I dasticitv. Moisture increases from slightly moist to moist. 
CLAYSTONE: TOP OF BEDROCK. Claystone, grayish brown 
(10YR5/2) to gray (10YR5/1). Firm/dense. Black organic stringers 
common on undulating bedding planes. 1/4" caliche lense at base o 
,interval. Sharp basal contact, color change. Moist. 

CLAYSTONE: Claystone, iron-oxidized/weathered, yellowish brown 
(1 OYR4/6). Moderate to strong pervasive iron oxidation. Moderately 
friable. 1/4" caliche lense at top of interval and as blebs throughout. 

1 Moist. 

CLAYSTONE: Silty Claystone, gray (10YR6/1). Dinstinct color 
change. Massive texture. Caliche mottled throughout. Friable. 
Moisture decreases to very slightly moist. 

I No recovery. 

CLAYSTONE: Claystone, iron oxidizedlweathered, yellowish brown 
(1 OYR5/6 to 1 OYR5/4). Weak pervasive iron oxidation. Weak to 
moderately friable. Trace white caliche stringers. Thin caliche lense 
at 6.8'. Slightly moist. 1 
CLAYSTONE: Claystone, grayish brown (1 OYR5/2). Decreased iron 
oxidation to trace as stringers. Moderately friable. Massive texture. 
Slightly moist. 

, No recovery. 

CLAYSTONE: Silty Claystone, iron oxidized, yellowish brown 
(1 OYR5/4). Weak to moderate pervasive iron oxidation. Massive 
texture. Weak to moderately friable. Black manganese oxide 

1 (possible organics) bleb at 8.2'. Slightly moist. 

CLAYSTONE: Claystone, gray (10YR5/1). Decreased iron oxidation 
to trace. Massive texture, firm yet weakly friable. Trace black 
organic stringers throughout. Black organic lense (1/8" thick) at 
1 1.2'. Trace iron oxidation stringers from 1 1.2' to -1 2.0'. Moisture 
decreases to very slightly moist. Hard, cryptocrystalline calcareous 
clast (-318) at 9.9'. 

CLAYSTONE: Claystone, gray (10YR611). Massive texture, 
dense/firm, weakly friable. Trace to some iron oxidation. Abundant 
black organic material from 12.8' to 13.0'. Very slightly moist. 

CLAYSTONE: Claystone with silt, gray (10YR6/1). Massive texture 
as above interval from 12.0' to 13.3'. Un-oxidized bedrock. Trace 
black organic stringers. Firm/dense. Thin caliche lense along 
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a 
5918 - 

5917 - 

5916 - 

5915 - 

internal bedding plane at 13.7'. Very slightly moist. 

CLAYSTONE: Silty Claystone, gray (10YR6/1). Weak iron oxidatior 
along horizontal bedding planes. Predominately massive texture, 
firm/dense. Trace black organic stringers and blebs. Weak to 
moderate pervasive iron oxidation from 17.3' to 17.7'. Near-vertical 
fracture (-80 deg) from 18.9' to 19.5' with iron oxide coating. 1/4" 
horizontal lense of carbonate (druse) at 19.7'. Interval slightly moist 
Occasional sandy intervals at 17.1', and from 17.6' to 17.7'. 
Claystone interval from 18.8' to 19.1'. Rip-up clasts, iron oxide- 
replaced organic debris present. Sand is very fine grained to fine 
grained. 

CLAYSTONE: Claystone, grayish brown (1 OYR5/2). Weak iron 
oxidation as stringers and along bedding planes. Black organic 
material along bedding planes. Possible manganese oxide 
associated with iron oxidation along bedding and fracture surfaces. 
Dense/firm. Slightly moist. 

CLAYSTONE: Claystone, gray (10YR6/1 to 10YR5/1). Trace weak 
iron oxidation as stringers and along bedding/fracture surfaces. Iron 
oxidation as fracture (-50 deg) coating at 22.6'. Interval weak to 
moderately friable. Massive texture. Slightly moist. 
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CLAYSTONE: Claystone, dark gray (10YR4/1). Firm/dense. Trace 
iron oxidation along bedding planes/fracture surfaces. Bedding 
planes are faintly visible. Trace black organic material along 
bedding and as clasts (to 1/2" diameter). Slightly moist from 23.1' to 
24.2', decreases to trace moisture from 24.2' to 30.4'. Weak 
pervasive iron oxidation from 29.1' to 29.3'. 

CLAYSTONE: Claystone, un- (iron) oxidizedhn-weathered, very 
dark gray (10YR3/1). Distinct color change. Firm and dense. Trace 
iron oxidation stringers from 31.8' to 31.9'. Sub-horizontal, 
undulating bedding faintly visible. Black organic material common 
along bedding planes and as clasts (to 112" diameter). Trace 
moisture. 


